Introduction
According to the report "Modernising Building Energy Co− des", that is the result of a joint work between the Interna− tional Energy Agency (IEA) and the United Nations Devel− opment Programme (UNDP), the construction sector is the largest user of energy: worldwide the primary energy con− sumed by buildings is around 40% [1] and emissions of greenhouse gases are equal to 33%, including the electrical consumption [2] , and the future trend is rising [3] . In addi− tion, in Europe the total amount of CO 2 emitted into the atmosphere due to the buildings is greater than that of the U.S. and China; this aspect is the result of three factors: the age of the existing buildings, the cold climate and the use of natural gas for heating. It should be noted, however, that per capita emissions in the residential sector are lower in Euro− pe than in the U.S. mainly due to the small size of the resi− dential units in European countries. In addition, the global demand for energy is expected to increase by a further 30% by 2035 [4] .
The direction taken by the European Union (EU) thro− ugh the process of definition of measures aimed at tackling climate change is clear: as it became evident that the build− ings had a considerable influence on the consumption of fossil fuels, by implementing the EPBD -Energy Perfor− mance Building Directive [5] , the EU has defined a number of minimum requirements for the reduction of energy con− sumption by encouraging the use of some "alternative sys− tems" for the production of energy (renewables, cogene− ration, heat pumps, etc.) of buildings.
Consumption of buildings is due to two main variables: physical characteristics of envelope components and plant performances and user behaviour. Several studies [7] [8] [9] show how the latter variable plays an important role in over− all consumption, increasing with the improvement of buil− ding performance.
Several approaches can be used to evaluate the thermal and energy characteristics of building components that can be divided into two main groups: calculated and measured. The former, referred to recognized standards, allows for the performances in the design phase to be determined. The lat− ter allows for the performances in real conditions to be eval− uated. The simplified method of the Energy Signature can be counted in the latter group. As described in Annex B of the International Standard EN ISO 15603:2008 [10] , the Energy Signature is an evaluation method in which energy consumption is correlated with climatic variables aimed at representing the actual energy behaviour of the building [11] . The article presents a borderline application of the Energy Signature method aimed at defining the thermal per− formance of a building envelope component. In particular, the method is applied in an experimental campaign carried out on two external test cells built with different types of roofing systems: hot roof and ventilated roof, respectively. The results are compared to those obtained with the calcula− ted method [12] and to those obtained with the measurement of the heat flux.
Description of the Energy Signature method
The Energy Signature, described in Annex B of European Standard EN 15603:2008 [10] , is a monitoring method in which measured consumption is related to climatic vari− ables, for example external temperature, heating or cooling degree day (Fig. 1 ).
The Energy Signature has different purposes: to identify the malfunctions of a building (envelope or plant), to evalu− ate energy refurbishment, to raise users' behaviour on re− duction of consumption, to assess the performances of the building components.
This method can be applied both to thermal and electric consumption choosing the most appropriate environmental variable. The range of the acquired consumption values is also important, depending on the objectives of the study: l monthly range can be used for a very simplified assess− ment, for example to compare the consumption of differ− ent years. These data give little information on the build− ing behaviour; l weekly range provides a good approximation of the en− ergy behaviour of a building by mediating any anoma− lous climatic conditions and requiring a "light" monito− ring. This information is used in the pre−diagnosis phase; l daily range provides detailed information but could be influenced by any climatic variables and requires a "heavy" monitoring activity; l more detailed range (hourly or sub−hourly) is affected by environmental variables and intrinsic characteristics of the components (for example, thermal capacity).
Application of the Energy Signature
The Energy Signature finds application in various areas of energy audit. In existing buildings, the monitoring of energy consumption allows assessing the accuracy of both the para− meters related to the plant (installed capacity, efficiency, regulation) and to the performance of the envelope, based on the response of the building to climatic stresses (irra− diance, wind, etc.).
In addition, the Energy Signature can also be used as a tool for the empirical calculation of thermo−physical para− meters, such as the thermal transmittance of a building component.
The basis of this approach is the evaluation of the overall heat transfer coefficient to define the real thermal transmit− tance of an envelope component, starting from the knowl− edge of the characteristics of the other building elements.
The Energy Signature allows the heat transfer coeffi− cient of building envelope to be analysed, depending on transmission and ventilation losses.
Description of the experimental campaign
An experimental campaign relies on using measurements carried out in actual working conditions, but it is often accompanied by laboratory analyses and theoretical calculations.
The focus is, therefore, on the dynamic behaviour of materials under different environmental conditions, over a full year to verify its effectiveness in terms of energy and economic contributions in different seasons.
The trend was analysed for comparison, through the use of experimental facilities consisting in two test cells made with identical typological characteristics and materials, with the exception of the component to be tested.
The dimensions of the two test cells are: internal floor 4.4×2.6 m, maximum height of 2.7 m, minimum height 1.40 m and similar design features in which the roofing sys− tems are a warm roof and a ventilated roof, respectively. The two roofs have a 30 degree slope south direction.
The envelope components were built complying with the limits of thermal transmittance provided by D. Lgs. 311/06 for the climate zone E in Milan (Table 3 ). The test cells are equipped with an environmental monitoring and data acquisition system aimed at: The energy consumption is measured in active condi− tions (cooling in summer and heating in winter), setting the two cells so to quantify the energy savings achievable with the application of a ventilated roof compared to the refer− ence roofing system, in the same period, with the same indoor microclimate conditions (D » 0% PPD).
Description of the roofs
The "hot" roof is a traditionally adopted type of roofing that, as reported in the stratigraphy (Table 1) , provides an insula− tion layer at the bottom of a waterproofing layer without air gap.
Energy performance assessment with empirical methods: application of energy signature
The ventilated roof, however, differs from the hot roof, due to the presence of an air gap of 5 cm placed above the waterproofing layer. Its stratigraphy is shown in detail in Fig. 2. 
Calculation of U value
The experiment has allowed comparing the measurement and calculation methods of the thermal transmittance of ventilated and non−ventilated roofs in the winter.
Calculated method
The application of EN ISO 6496 and EN ISO 13786 re− quires the definition of boundary conditions to consider the appropriate variables, such as the internal and the external surface resistances.
For the roof, the thermal resistance values are:
The thermal characteristics of the two roofs are listed in Table 2 . 
Measured method
The in−situ measurement of the thermal characteristics of the envelope component according to ISO 9869 is done by using a heat flow meter applied on the two surfaces of the element in particular conditions, to reduce the calculation uncertainties: During the experimental campaign, the heat flow shows great fluctuations due to the variation of climatic conditions. To obtain reasonable values, the measurement is conducted in the night−time. The analysis of the heat flow through the roofs was con− ducted by using heat flow plates applied on the inner surface of the respective roofs.
The performance of the heat flow varies considerably due to the continuous climate changes.
In order to obtain a reliable result, the heat flow sensor measurement shall be done by taking some precautions. The necessary conditions are the absence of irradiation on the concerned surface for a certain number of hours, a constant outdoor and indoor temperature, and a contained variation of the flow. The night between February 10th and 11th is examined as an example assuming that the above conditions may be encountered.
Considering the data detected in the night−time between February 10th and 11th, the heat flow value for the hot roof is about 9 [W/m 2 ] with internal temperature equal to 20 [°C] and external temperature equal to -5°C, both quite constant. The results reproduce, as expected, the overall perfor− mance of energy consumption in terms of thermal transmit− tance.
The thermographic analysis also highlights some differ− ences. Note in Figs. 5 and 6, in the upper left area, the pres− ence of a "cold" area close to the heat pump, located inter− nally at 20 [°C] . As demonstrated by a heat flow meter, the thermal transmittance of the ventilated roof is higher than that of the hot roof; this involves just a slightly lower exter− nal surface temperature because it is more prone to thermal losses.
Energy Signature method
The application of the Energy Signature method requires the detection of energy consumption of the test cells. The me− thod provides two types of curves: one built as the fit line of consumption data, called Real Energy Signature, and one built starting from design data and so called Design Energy Signature [11] . Table 3 summarizes the thermal transmittance obtained by the application of the three methods. The U−values calculated with EN ISO 6946 are almost the same because the methodology does not consider the layer over the air gap. The effect of the tiles is negligible in terms of thermal resistance (R = 0.02 [m 2 K/W]). The U−val− ues calculated with ISO 9869 do not take into account the solar radiation but the greater heat losses due to the air gap effect cause a higher U−value of the ventilated roof. variables to be considered including solar radiation. The U−values highlight how the hot roof makes better use of free gains. The calculation of thermal transmittance according to EN 6946 provides normalized values starting from the stea− dy−state boundary conditions and with no solar radiation. The thermal flow−meter method provides information about operative thermal performance of a building element sensi− tive to climatic conditions. The Energy Signature considers the real climatic conditions by assessing the contribution of each element to the heat losses of the building.
Conclusions
The latter method assesses indirectly the thermal perfor− mance of the building element and, thanks to a holistic approach, it can be used as a diagnosis tool. 
